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Technical Field 



Background Art 

w As mowing agents for the production of ttermopiasj c h-jj-J ^SS^Z 
dichlorodifluoromethane (CFC-12), dichlorotetrafluoroethane ^^^'JEJ L the atmosphere, 
ployed. However, the industry has recently been effects on the earth 

a group of CFCs destroy the ozone layer of the stratospi nere i to_ B *« CFC . S have come t0 be 

Oology including man. ^^^^^^^^^ — «* ****** * 

, 5 restricted by internat.onal f^T^J^^Smi is essentia, for the industry to develop a new 
control and if only in consider* ion id these a ^Jj^^ ^ 
btowing agent with no ozone use of an azeotrope-like mixture of 

,n this connection US Patent Na 4*78 4* *^ u «^m {tewn^ relenvi to *s HFC- 
pentafluoroethane (hereinafter referred to as 1^arw a™ of 1 1>1|2 . te trafluoroethane (hereinafter 

20 32) as a refrigerant. JP Koka, 6 3- 308 -^J^^T^ed to as HFC-143a) and JP Kokai 3- 

25 

Disclosure of the Invention 

"^^h^esent invention, whc , w a, ^ ~« Z^^^Z 
above drawbacks of the prior art. d.scovered that a b ow, n g I compo^on p 9 . he f|uor opane 
30 one member of the group ™ si *^ 

(hereinafter referred to as HFC-227) and ^ ^^^ substances taken individually, thus 

the outcome of the above research and finding. 
35 Thus, the present invention provides the "JW^SS the group consisting of HFC-125. HFC 

• comprising (1) HFC-125 and (2) HFC-32 and/or HFC-143a (hereinafter referred 

40 to as Composition I); d (2) 20 t0 80 o /o of H FC-32 and/or 

• A blowing composition comprising (1) 80 to 20 A> ot nr-o .«> <*..u v ; 

HFC-143a; HFC-125 and (2) 20 to 70% of HFC-32; 

• A blowing composition comprising 80 to 30% o HFC_ 25 a gQ% ^ ^ ^ 

• A blowing composition comprising (1) 80 to 50 /o of HFC _a ^ i I ^ 1Q tQ 
« • A blowing composition comprising (1) 80 to 40% of HFC-125 ana W iu 

• TSgZZim* m **» -d * H F c-, 52a m*. lpg ,«*«. ^ „ 

. rfixtss*. — * — 1 ^ s <" 90 ,o 10% - hfc - ,2s and (2) '° 

" ■ JESS (,» 80 » » o, H F C> 25 and » ,0 . 40% 0, WO,* and .0 

• A blowing composition comprising (1) HFC-1343 ana pj nro 
HFC-143a; 
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■ A b,o*g compos caning 0) » ,0 20% 0, HFC-,34, and <2) 10 ,0 40% * HFC-32 and ,0 • 

. ^^on^ sl n g O, r » r 

• A blowing composition comprising (1) HFC-134a and (d) nro «< 

as Composition IV); u F C-134a and (2) 10 to 90% of HFC-152a and/or 

• A blowing composition compnsing (1) 90 to 10% of HFC-134a ana w iu ™ 

LPQ; ■ ■ , ilDn) „ ono/ „t HFfM-Ua and (2) 10 to 40% of HFC-152a and 10 

• A blowing composition comprising (1 ) 80 to 20% of HFC 1 34a ana w 

to 40% of LPG; „ 1 0 t 2Q % of HFC .i 52 a; 

• A blowing composition compnsing ^^^^^ H FC-143a (hereinafter referred 

• A blowing composition comprising (1) HPO-^/ ana w nrv 

to as Composition V); HFC-227 and (2) 10 to 90% of HFC-32 and/or 

• A blowing composition comprising (1) 90 to 10 Yo of Hi-o anu ^ , 

HFC-143a; HFC-227 and (2) 10 to 40% of HFC-32 and 10 to 

• a blowing composition comprising (1)80 to 20 /o of Hf-L^/ ana w 

40% of HFC-143a; Q ro% of H FC-143a; 

« A blowing composition compr s ng 90 to 30£ o Ht_£g 

• A blowing composition ^^T^tT^^^ LPG (hereinafter referred to 
" A blowing composition comprising (1) Hl-O-^ ana w nru 

as Composition VI); HFC-227 and (2) 10 to 90% of HFC-152a and/or LPG; 

■ ST^ a tarn*** na* I. chafed b» using Co.posin.n , as a bipwing 

■ find tor p-aducing a .barmoplasac -esin toam aharactadzad b, using Compose II as a 

■ TSSSt produce a MPK resin ton —zad by using Conaposmon ■ as a 

■ P-Oducng a «m,op,a* main loam cnaractsdzed b» using WW*** IV as a 

■ FISTS p™dudng a »arn,.p,as«c -aain .pan, cha,acnz»d b» using CompaslUan V as a 

■ JESSE P*«*g a ttm**. raain ten, characerfaad b, aaing ComposKion V, as a 
btaring agent. H FC-134a. HFC-143a, HFC-152a. HFC-227 and LPG, the 
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LPG 



CH 3 (CH 2 )2CH3 



Mol cular Weight I Boiling Point ( • C) 



Ozone Depleting 
Potentials 



„ L P3 as ^ , to, — . ? « - - — » 01 

compositions is invariably used in combinat.on. 
Com position I 

- o) » <*> — 2 "* sum °' 01 ™ d <2) 

' taken as 100%, is as follows. 

HFC-125 : HFC-32 = 80-20% : 20-80%; 
HFC-1 25 ■ HFC-143a = 80-20% : 20-80%; and 

0 HFC-125 : HFC-32 = 80-30% : 20-70%; 

Compo sition II 

as 100%, is as follows. 

HFC-125 : HFC-152a = 90-10% : 10-90% 

HFC-125 : LPG = 90-10% : 10-90% = 80 . 20 „ /o . 10 -40% : 10-40%. 

HFC-125 : HFC-152a = 90-70% : 10-30%. 
Composition III 

' "Z^r* - - O — to „ — H F C,«,, .to toe soto o, ,„ - * 

taken as 100%, is as follows. 

HFC-1 34a : HFC-32 = 80-20% : 20-80%; 

HFC-1 34a : HFC-143a = 80-20% : 20-80%. 
50 The more preferred ratio is as follows. M0% 

HFC-1343 : HFC-32 = 80-50% : 20-50%. 
65 Composition IV 

- - «> » < 2 > HFC - ,62a ana,or Lpa to 01 m (2> M ' n9 

taken as 100%, is as follows. 
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HFC-1343 : HFC-1523 = 90-10% : 10-90%; 
HFC-134a : LPG = 90-10% : 10-90%. 
Th mor preferred ratio is as follows. 

HFC-134a : HFC-152a = 90-80% : 10-20%. 
Composition V 

, 0 - (0 HFC2Z7 .0 « HFC-32 «d* HFC-1433, - - « - 0) - «» — 

taken as 100%, is as follows. 
HFC-227 : HFC-32 = 90-10% : 10-90%; 
HFC-227 : HFC-143a = 90-10% : 10-90%. 
The more preferred ratio is as follows. 

HFC-227 : HFC-32 = 90-20% : 10-80%; 

HFC-227 • HFC-143a = 90-30% : 10-70%; 

HFC-227 HFC-32 : HFC-143a = 80-20% : 10-40% : 10-40%. 

20 

Composition VI 

The preferred ratio of (1) HFC-227 to (2) HFC-152a and/or LPG is as foilows. 
HFC-227 : HFC-152a = 90-10% : 10-90%; and 
25 HFC-227 : LPG = 90-10% : 10-90%. 

HFC-227 : HFC-152a = 90-70% : 10-30%; 
Composition I 

. When « P-opo^ * HFC-125 «=e=* 80*. a « - • — <°*° — " 

rsL - -* - - -7— - «s 

40 

C omposition II 

o. HFC* in - » ii — ■ * • «~ " 8 

Composition III 

" 0, HFC34. 80%. a ,™<.n -oan, « a d*e*a «. »nd, » ba 

xplosion hazard. 
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When the proport.on of HFC 1 J« ext, 

«» p, ° p< " , " > " " UEr 1J3a exMeds 90 %. M -asuiung loam 

"""rTS. <*» hand, «han tho proportion o. ^^L^f^Zc. appose St***, a 

I5 relatively large number of wrinkles, runn 
explosion hazard. 

CompositionJVI fnam or a defective foam tends to be 

• f HFC 227 exceeds 90%, a low-expans.on foam or a defect.ve 

-^rr;i- '~ — — - - 

. preset £*. * -J*- » ™^ « ^ 
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homogeneity, compressive str ngth and dimensional stability. 
Examples 

comparative examples are abbreviated as foltovrs. 
Difluoromethane : 32 
Pentafluoroethane : 125 
^11,2-Tetrafluoroethane : 134a 
1,1,1-Trifluoroethane : 143a 
1,1-Difluoroethane : 152a 
1,1,1,2,3,3,3-Heptafluoropropane : 227 

1 ',1 -Difluoro-1 -chloroethane : 1 42b 

As to LPG, LPG of the following composition was usea. 
n-Butane : 59.8% 
i-Butane : 35.6% 
Propane : 3.7% 

20 Exampje^^ 

Polyethylene foams were produced in the following manner ^ a(jded Q 5 

2S ^ shs - — - - 

mixture was evenly premixed. below blowing compositions comprising 

According to the formulas shown in Table i a i wmc. <w . T b|e 2 . B -|, blowing agents outside 
126^ S anSor 143a according to the invention ^^^ T ^ 8> m through 1-3. 
the compositional range of the invention ^ ^hown as .Om par* ^ The „ t 

30 ,n all the examples ^ ^^J^T^^ section, melting section, mixing sect.cn 
was a screw extruder comprising a hopper feed ' sec «°"' " { h linder . 
Z cooling section, with a blowing agent „ dja y meter . The temperatures of the 

The die used was a rod die ^^^KTS section, about 180-C In the metering and 
various sections of the extruder were about 140 C m*> ^ ^ ^ sM 

35 melting sections, about 150'C m he mixing [™ rate of about 5 kg per hour and the 

The above raw resin material was fed from *e hopp* « ^ ^ 2 . B ., The mixing 

blowing composition was injected m the ^^J^J^ t0 each 100 parts by weight of the resin. 

to 9ive 3 rod - shaped foam 8 

40 -ZtSZSZL evaluated for density, stability and appearance. The resu,ts are presented below 
in Table 2-A-l and Table 2-B-l. 
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Table 2-A-l 



Example No. f 


Slowing agent ( 


Composition (%) * 


fixing ratio f 
(parts) 


: oam density 
(g/cm 3 ) 


Foam I 
stability (%) 




\ppearance 

O 


1-1 


125 
32 


80 
20 


9.5 


0.044 


90 


® 


I-2 


125 
32 


50 
50 


7.3 


0.036 


96 




1-3 


125 
32 


20 
80 


6.1 


0.035 


94 


O 


1-4 


125 
143a 


80 
20 


11.1 




90 


O 


1-5 


125 
143a 


50 
50 


10.0 


0.037 


94 


© 


1-6 


125 
143a 


20 
80 


8.9 


0.036 


92 


o 


1-7 


125 
32 
143a 


10 
10 


10.2 


0.044 


90 


o 


1-8 


125 
32 

143a 


50 
25 
25 


8.4 


0.036 


96 


© 


1-9 


125 
32 
143a 


40 
30 
30 


7.8 


0.036 





Comparative I Blowing agent I Composition (« 



Mixing ratio 
(parts) 

12.0 



Foam density 
(g/cm 3 ) 



5.2 



Foam 
stability (%) 



the following scale: 

© Excellent. O Good, A Ord.nary. x Poor. nQ foamjng took place . 

^Comparative Example 1-1 where 125 was . iMd Mb X ^ J ripely used as the blowing agent, 
,„ Comparative Examples 1-2 and .-3 w ^j^S^Hh 'copiously wrinkled surface, 
the product foam was poor in ^^^^^STSSm clearly that compared with the con tro 

JZ Z^^" °" present invention is superior in an the p 

evaluated, i.e. density, stability and appearance. 
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m _t« ne .oams were P^S^^^J^SSi'i «- *» ■*» <— ^ J" 
>o Table 2-A-ll 









appearance 1 


Example No. f 


Jlowing agent C 


imposition (%) I* 


/lixing ratio F 
(parts) 


oam density 
(g/cm 3 ) 


Foam f 
stability (%) 


O 


11-1 


125 
152a 


90 
10 


11.1 


0.042 


92 




11-2 


125 
152a 


50 
50 


8.5 


0.034 


96 


® 


1 11-3 


125 
152a 


10 
90 


6.9 


0.036 


95 


O 


11-4 


125 
LPG 


90 
10 


10.8 


0.040 


95 


© 


11-5 


125 I 
LPG 


50 
50 


8.0 


0.034 


96 






125 
LPG 


10 
90 


6.1 ' 


0.032 


90 


o 
o 


11-7 


J 125 
152a 
LPG 


80 
10 
10 


10.4 


0.040 


95 




11-8 


125 
152a 
LPG 


50 
25 
25 


82 


1 O034 


94 


® 

o 


11-9 


125 
152a 
LPG 


20 
40 
40 


7.0 


O033 


90 





comparative Jii^ agent | Composition (%) ***** 




am density 
(g/cm 3 ) 


Foam 
stability (%) 


Appearance 

X 


0.034 


90 


A 


0.030 


80 


X 


0.030 


80 


X 



di.liSSbi.ity and nad a copiously wrinx. d surtace. 
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In Comparative Example 11-4 **er ■ ^ «* 

the blowing compositions of the invention are supenor 
appearance. 











Example No. 1 


Slowing agent ( 


Composition (%) * 


fixing ratio F 
(parts) 


oam density 
(g/cm 3 ) 


Foam t 
stability (%) 


Appearance 


111-1 


134a 
32 


80 
20 


8.6 


0.036 




© 
® 


IH-2 


134a 
32 


50 
50 


6.9 


0.035 


95 


O 


III-3 


134a 
32 


20 
80 


6.0 


ol)36 


92 




III-4 


134a 
143a 


80 
20 


9.8 


0.035 


96 


© 


III-5 


134a 
143a 


50 
50 


9.3 


0.035 


96 


© 

o 


III-6 


134a 
143a 


20 
80 


8.7 


0.036 


92 




III-7 


134a 
32 
143a 


80 
10 
10 


9.1 


0.036 


96 


© 


III-8 


134a 
32 

143a 


50 
25 
25 


8.0 


0.035 


96 


© 

o 


III-9 


134a 
32 
143a 


20 
40 

| 40 


6.9 


0.035 

_ 


93 





50 



55 
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comparative 
Example No. 



134a 
32 



Mixing ratio 
(parts) 



Foam d nsity 
(g/cm 3 ) 



0.030 
0.032 



Foam 
stability (%) 



In Comparative Examples IH-2 and 111-3. wh f r ^ *™ each nad a copiously wrinkled surface, 
agent, the product foams were poor in d.men.o ^^^c^ with the control blowing 

stability and appearance. 

Polyethylene foams were produced in comprjsing 134a and 152a 

Using the formulas shown below mTabe A IV bio g . ^ agents outslde ^ 

and/or LPG according to the ,nven Examples IV-1 through IV-3. 

^Sf rC^ rr:^ into the resin materia, in the m-x-ng rat.cs 



30 



35 



50 
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Example No. 


3lowing agent ( 


Composition (%) 


fixing ratio 
(parts) 


: oam density 
(g/cm 3 ) 


Foam 
stability (%) 


\ppearance 


IV-1 


134a 


90 
10 


9.7 


0.038 


92 


O 


IV-2 


134a 
152a 


50 
50 


8.0 


0.036 


96 


® 


IV-3 


134a 
152a 


10 
90 


6.8 


0.035 


90 


O 


IV-4 


134a 
LPG 


90 
10 


9.5 




94 


O 


IV-5 


134a 
LPG 


50 
50 


7.4 


0035 


96 


® 


IV-6 


134a 
LPG 


10 
90 


6.4 


0.033 


92 


o 


IV-7 


134a 
152a 
LPG 


80 
10 
10 


9.2 


0.036 


94 


° 


IV-8 


134a 
152a 
LPG 


50 
25 
25 


7.9 


0.035 


96 


© 


IV-9 


134a 
152a 
LPG 


20 
40 
40 


6.7 


0.034 


92 


o 









comparative 
Example No. 



IV-2 
IV-3 



Composition (%) 



_L 



Mixing ratio 
(parts) 



Foam density 
(g/cm 3 ) 



Foam 
stability (%) 



stability and appearance. 

F^olis V-1 IWug^ *» «* Compaq Examples V-1 Wagl** 

P„, ye »„.n e foams «» ^J^ZTZ^^^ <»«*** 227 «« 32 

indicated in Table 2-A-V and Table 2-B-V. 
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r suits are set forth in Table 2-A-V and Table 2-B-V. 

Table 2-A-V 



Example No. 


3lowing agent I Composition (%) 


fixing ratio Foam density 
(parts) I (g/cm 3 ) 


Foam 
stability (%) 


\ppearance 


V-1 


227 
32 


90 
10 


13.9 


0.036 


94 


® j 


V-2 


227 
32 


70 
30 


10.1 




96 


© 


V-3 


227 
32 


50 
50 


8.6 


O035 


94 


O 


V-4 


227 
143a 


90 
10 


15.4 


0.035 


96 


® 


V-5 


227 
143a 


70 
30 


13.0 


0.035 


96 


® 


V-6 


227 
143a 


50 
50 


11.2 


0.034 




o 


V-7 


227 
32 

143a 


80 
10 
10 


12.8 


0.036 


96 


® 


V-8 


227 
32 
143a 


70 
15 
15 


11.4 


0.035 


96 


© 


V-9 


227 
32 
143a 


50 
25 

I « 


9.3 


0.035 


94 


o 



comparative 
Example No. 



32 
143a 



Mixing ratio 
(parts) 

17.0 

5.2 



Foam density 
(g/cm 3 ) 



0.030 
0.032 



Foam 
stability (%) 



100 



8.4 



stability and appearance. 

Examples VH Ihrouah VI.9 and tonpHw Examp.es VM though VI-3 
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The results ar set forth in i aDi 



Example No. E 


Mowing agent C 


imposition (%) & 


(lixing ratio F 
(parts) 


oam density I 
(g/cm 3 ) | 


Foam / 
stability (%) 


appearance 


VI-1 


227 
152a 


90 ™ 
10 


0.036 


94 


® 
® 


VI-2 


227 
152a 


70 
30 


11.3 


0.036 


95 


O 


VI-3 


227 
152a 


50 


9.5 


O032 


94 


© 


VI-4 


227 
LPG 


90 
10 


14.2 


0.035 


92 


® 


VI-5 


227 
LPG 


70 
30 


10.5 


0.035 


94 




VI-6 


227 
LPG 


50 
50 


8.7 


O032 


90 


° I 

© 


VI-7 


227 
152a 
LPG 


80 
10 
10 


12.6 


0.035 


94 


© 


VI-8 


227 
152a 
LPG 


70 
15 
15 


10.3 


O034 


96 


o 


VI-9 


227 
152a 
LPG 


50 
25 
25 


9.0 


0.032 


94 





Blowing agent 



Composition (%) Mixing ratio 
1 (parts) 




152a 
LPG 



aaent the product foams were poor .n d""ens.onal rtattwyi an ^ ^ CQntro| blow ng 

stability and appearance. 

Cla,mS "sting of pen- 

,. Ab^ing common «^ « "J* ^£S^!^ " 121 ""' 
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and/or 1 .1 ,1-trifluoroethane. 
, 1 r»n«o P r<>rno 1 n a nea"<>'0''.'.'-»oroe» 1 an.. 

to 70% of difluoromethane. 

to 50% of 1 ,1 .1-trifluoroethane. 

to 30% of difluoromethane and 10 10 30/0 01 1,!, 

.mT— -r ,,,9 ° K,0% 01 -- 

20 to 90% of 1 ,1-difluoroethane and/or LPG. 

to 30% of 1 ,1 -dif luoroethane. _ 
n nn to claim 1 (1) 1 1.1,2-tetraf.uoroethane and (2) difluoromethane and/or 
11. A blowing composition accord.ng to claim 
1 ,1 ,1-trifluoroethane. 

■ ■ «% An m 20% of 1 1 ,1 ,2-tetraf luoroethane and 

13 . ^^^^z^^T^SZ 

(2) 10 to 40% of difluoromethane and 10 to 40% oi 

■ ■ «» nn to 50% of 1 1 .1 ,2-tetraf luoroethane and 
,4 A M «-*■ » <**" " Ct ™ , """ ,9 80 

(2) 20 to 50% of difluoromethane. 

. „. A » — - » - ' — " — " " 

difluoroethane and/or LP6. 

■ • hi an tn 10% of 1 1 1 ,2-tetraf luoroethane and 
M »inn according to claim 15 composing (1) 90 to 10% or i.i.i. 

16. A blowing composition accora.ng w ^ 

{2 ) 10 to 90% of 1 ,1-difluoroethane and/or LPG. 

• ■ „ m m to 20% of 1 ,1 .1 ,2-tetrafluoroethane and 

50 (2) 10 to 20% of 1 ,1-difluoroethane. 

19 A ^ — — < » r ' compflslng m '—~ opaTO "* " 

*— — ,„ „, ,,,,3,3.3^ 
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• ■„« M\ 80 to 20% of 1,1,1,2,3,3,3-hep- 

* -^o^ir^r^u, 

« ^.uoropropane and (2) ^.^-hep- 

. - » -— M 

difluoroethane and/or LPG. ,,,0,3 3 .heo- 

• /1\ Q0 to 10% Of 1,1,1,2,3,3.0-nep 

• -nn m 80 to 20% of 1 ,1 ,1 .t,a,o,o-»oK 
WhwW—B"** go to 70% of 1.1.1JMMWH-P- 

■ j:i:r: o ^ — — 

-7 « the» hlowina aaent. 



" claim 7 as the blowing agent. „ laimad in 

. — — — ~" 



- .r.r:;i ■ 

claim 19 as the blowing agent. 

— astic resin foam characterized by using the compost clamed ,n 
„ 34. A method for producing a thermoplast.c 
claim 24 as the blowing agent. 
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